Don Berwick and the Institute of Healthcare Improvement in Boston (MA, USA) 8 have infl uenced one of the most common uses of this term, which is to describe applications of the approach developed by W Edwards Deming to reduce variation in industrial processes. 9 The quality improvement move ment associated with these methods has made a valuable contribution, not least in challenging overly techno cratic, managerialist, or regulatory-focused approaches to change. However, this conceptualisation of a science of improvement is, by itself, too narrow and restrictive to address the challenges that face the health sector, and too often under-emphasises robust assessment. Percep tion of improvement solely in terms of imple mentation and comparative eff ectiveness research is similarly inadequate. 10 An example of a benefi t of a broader way of thinking is the reduction of central line bloodstream infections in intensive-care units. These infections are a substantial and expensive clinical problem, and are often fatal. A cohort study of 103 intensive-care units in Michigan, USA, showed that a multicomponent programme of evidence-based technical interventions, adaptive interventions targeting culture and systems, and a centralised data collection and feedback system resulted in a substantial reduction in rates of these infections.
11 These reductions were sustained over time and were associated with reduced mortality in participating intensive-care units compared with control units. 12 The results have been replicated in 22 additional US states. Follow-up work investigated the mechanisms through which the programme worked, and generated a theory of change that could inform, and be tested in, subsequent repe titions of the programme. 13 Another example of a benefi t of this broader way of thinking is the increase in identifi cation and referral of victims of domestic violence. Domestic violence is often managed inadequately, despite the major health and social implications of unidentifi ed and unmanaged abuse. In a cluster-randomised controlled trial in 51 primary care clinics in two UK cities (London and Bristol), 14 investigators tested a range of evidence-based interventions to increase rates of primary care identification and referral to specialist advocacy services of women subjected to domestic violence. The results showed three-times more recorded disclosures of domestic violence and a 22-times higher number of referrals to specialist services in the intervention group. The interventions, in the form of targeted educational programmes, are now being adopted in several places in England. 15 These examples show some distinguishing features of a broader defi nition of improvement science. Improvement science aims to create practical learning that can make a timely diff erence to patient care. It is characterised by its large domain of interest, its applied nature, and its commitment to generation of practical learning that can be applied in real-life situations. Improvement science recognises and integrates many contributions, similar to the way that engineering science uses scientifi c knowledge and theories to address real-life problems.
Improvement science also aims to generate local wisdom and generalisable or transferable knowledge, with robust, well established research methods applied in highly pragmatic ways. Improvement science enables local improvement and, crucially, produces knowledge with external validity. Thus, work classifi ed as improvement science should be of suffi cient quality to be published as a long-lasting, widely disseminated record in well-respected journals. Development of local knowledge based on a strong sense of ownership and a willingness to adapt improvement activities is clearly important, but too many quality improvement projects rely on contemporaneous, non-standardised, unverifi ed data to make judgments about their eff ectiveness. By contrast, the science of improvement is, based on moral and practical requirements, 16 characterised by its commitment to rigorous and credible assessment methods and use of high-quality data. However, its choice of methods is often guided by pragmatism and by the diffi cult reality of the implementation of interventions and data collection in complicated, highly heterogeneous, real-life clinical situations.
Improvement science needs a genuine partnership be tween academics and front-line practitioners. Researchers bring scepticism, scientifi c rigour, and methodological technical expertise, whereas practitioners bring content knowledge, a thorough understanding of working con texts, and practical wisdom. Academics and service partners need to collaborate to design, undertake, and interpret the work of improvement science. Progression beyond the constraining boundaries of traditional health services research or quality improvement work can help to create new boundaries of traditional health services research, and quality improvement work can help to form new synergies and release creativity alongside rigour. Partnerships between researchers and practi tioners and between diff erent disciplines should be authentic relationships between equals, and no group should be seen as subordinate or as the servant of the other. These partnerships should entail mutual support and healthy challenge, rather than jealous guarding of territorial domains.
Improvement science draws on, and aims to contribute to, clear and explicit theories of how change happens. A major component of improvement science focuses on the design, deployment, and assessment of complex, multifaceted interventions. Good theory, both the small theories 17 of individual programmes and the big theories of making change happen, is just as essential to improvement science as are good methods. In view of the challenges in tackling the complexities of modern health care, the fact that these theories are drawn from a range of disciplines (from clinical epidemiology and engineering through to psychology and sociology) is benefi cial. Theory clarifi cation would help to address the problem that improvement interventions are often designed without the benefi t of previous learning or explanation of the assumptions about how and why change is likely to occur. Consequently, many quality improvement interventions are black boxes that are diffi cult to reproduce in new contexts. Improvement science now needs to start the diffi cult task of the systematic accumulation and synthesis of knowledge; improvement projects deteriorate and become less eff ective when they ignore the rapidly developing evidence base in the fi eld.
Improvement science shows a genuine ethical commitment to patient benefi t and to collaborative learning. Recent work has emphasised the importance of learning as an ethical commitment in health care. 16, 18 Improvement science embraces this commitment: front-line practitioners deserve high-quality evidence on which to base their eff orts to treat patients, and their learning should be shared with others. By integrating science with clinical priorities, by bringing together those who care for patients and those who study that work, and by committing all those involved to the same values, the science of improvement has great potential to benefi t patients. 19 A strategic approach is needed to optimise the impact of improvement science. First, the policy, service, and academic communities need to learn about improvement science, the synergistic relation between this science and the more familiar biomedical and clinical sciences, and how the science can be used to make a diff erence to patient care. An agreed curriculum is needed to achieve this education. Moreover, academia needs to break out of rigid and unhelpful departmental silos and work in interprofessional research and practice teams; incentives are needed to encourage this cooperation. Second, capacity and capability need to be built at all levels from improvement science leaders to front-line staff . Third, the counter-cultural nature of improvement science for traditional service and academic sectors should be recognised and space provided to develop new ways of thinking and acting. This aim will need a redefi nition of some of the success criteria in both the academic sector (in which the desire to make a practical diff erence is rewarded only rarely) and the service sector (in which the development and application of scientifi c evidence is not always highly regarded). Fourth, the creation of an international network or body to support the emerging science and help improvement scientists to share knowledge would help to ensure that the science develops as an outward-looking endeavour, in the same way as the Cochrane Collaboration helped to secure the foundations of evidence-based medicine. Finally, funding is needed to establish and support centres for improvement science, and bring together diverse academic and clinical disciplines within discrete health economies. If this strategy is successful, within the next decade the science of improvement will become an essential component of high-quality care for patients.
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